Carex (Cyperaceae), with an estimated 2000 species, nearly cosmopolitan distribution and broad range of habitats, is one of the largest angiosperm genera and the largest in the temperate zone. In this article, we provide argument and evidence for a broader circumscription of Carex to add all species currently classified in Cymophyllus (monotypic), Kobresia (c. 60 species), Schoenoxiphium (c. 15 species) and Uncinia (c. 70 species) to those currently classified as Carex. Carex and these genera comprise tribe Cariceae (subfamily Cyperoideae, Cyperaceae) and form a wellsupported monophyletic group in all molecular phylogenetic studies to date. Carex as defined here in the broad sense currently comprises at least four clades. Three are strongly supported (Siderostictae, core Vignea and core Carex), whereas the caricoid clade, which includes all the segregate genera, receives only weak to moderate support. The caricoid clade is most commonly split into two clades, one including a monophyletic Schoenoxiphium and two small clades of species of Carex s.s., and the other comprising Kobresia, Uncinia and mostly unispicate species of Carex s.s. Morphological variation is high in all but the Vignea clade, making it extremely difficult to define consistent synapomorphies for most clades. However, Carex s.l. as newly circumscribed here is clearly differentiated from the sister groups in tribe Scirpeae by the transition from bisexual flowers with a bristle perianth in the sister group to unisexual flowers without a perianth in Carex. The naked female flowers of Carex s.l. are at least partially enclosed in a flask-shaped prophyll, termed a perigynium. Carex s.s. is not only by far the largest genus in the group, but also the earliest published name. As a result, only 72 new combinations and 58 replacement names are required to treat all of tribe Cariceae as a single genus Carex. We present the required transfers here, with synonymy, and we argue that this broader monophyletic circumscription of Carex reflects the close evolutionary relationships in the group and serves the goal of nomenclatural stability better than other possible treatments.
INTRODUCTION
From the initial naming of 29 species of Carex L. in Species Plantarum (Linnaeus, 1753) , the genus has grown to > 1830 accepted species (Govaerts et al., 2013) . Carex is placed in tribe Cariceae, with Kobresia Willd., Uncinia Pers., Schoenoxiphium Nees and Cymophyllus Mack.; together they comprise c. 2150 species (Goetghebeur, 1998) . Bruhl included a sixth genus, the monotypic Vesicarex Steyerm., in the tribe (Bruhl, 1995) . In the most comprehensive global monograph of tribe Cariceae, Kükenthal (1909) recognized four genera [Carex, Kobresia (as 'Cobresia') , Schoenoxiphium and Uncinia] and classified 793 broadly defined species into 69 sections of Carex distributed across four subgenera that differed in inflorescence structure, branching, gender distribution and number of spikes (Kükenthal, 1909) . Although Kükenthal's classification was criticized, particularly for its treatment of unispicate species as a distinct subgenus (Kreczetovicz, 1936; Ohwi, 1936; Nelmes, 1952; Kern, 1958; Hamlin, 1959; Koyama, 1961) , modifications of Kükenthal's classification continue to be used to organize large regional floristic manuals (Chater, 1980; Haines & Lye, 1983; Egorova, 1999; Dai & Liang, 2000; Ball, Reznicek & Murray, 2002; Luceño, Escudero & Jiménez-Mejías, 2008; Dai et al., 2010; Hoshino, Masaki & Nishimoto, 2011) . With nomenclatural corrections, the four subgenera used explicitly or indirectly to order the sections of Carex s.s. in most modern floristic treatments are subgenus Psyllophora (Degl.) Peterm. (= subgenus Primocarex Kük.), subgenus Vignea (P.Beauv ex T.Lestib.) Peterm., subgenus Vigneastra (Tuck.) Kük. [= subgenus Indocarex (Baill.) Kük.] and subgenus Carex (= subgenus Eucarex Peterm.). We use these subgeneric names to refer to groups in the traditional classification.
Ninety years after Kükenthal's monograph, the first molecular phylogenetic analyses of tribe Cariceae were published (Starr, Bayer & Ford, 1999; Yen & Olmstead, 2000; Roalson, Columbus & Friar, 2001) . These early studies were based on few genes and limited sampling, but already they suggested that, although Cariceae was monophyletic, Carex and Kobresia were polyphyletic or paraphyletic. Uncinia and Schoenoxiphium were each apparently monophyletic, but nested in Carex, as was the monotypic genus Cymophyllus. The only traditional subgenus of Carex that was largely monophyletic in any of these early studies was subgenus Vignea. Larger studies of phylogenetic relationships in Cyperaceae, incorporating additional gene regions, also strongly supported a monophyletic tribe Cariceae. This tribe has been suggested by most studies to be sister to tribe Scirpeae or nested in it (Muasya et al., 1998 Simpson et al., 2007; Hinchliff & Roalson, 2013; Jung & Choi, 2013; Léveillé-Bourret et al., 2014) , as predicted by evidence from associations with parasitic smut fungi in the genus Anthracoidea (Kukkonen & Timonen, 1979) , rather than sister to previously suggested tribes having unisexual flowers, such as Sclerieae (Haines & Lye, 1972; Smith & Faulkner, 1976) or Rhynchosporeae (Koyama, 1961) .
A broader and more representative sampling of tribe Cariceae using DNA from both nuclear and plastid genomes (Waterway & Starr, 2007) revealed three major clades that roughly corresponded to: (1) subgenus Vignea, hence named the Vignea clade; (2) subgenera Carex and Vigneastra, named the core Carex clade; and (3) subgenus Psyllophora plus Cymophyllus, Kobresia, Schoenoxiphium and Uncinia, named the caricoid clade (Fig. 1) . The first two were strongly supported in parsimony and Bayesian analyses, whereas the caricoid clade received only moderate support. In the caricoid clade, two clades were strongly supported in the Bayesian analysis: one with Schoenoxiphium and a few Carex spp. (the Schoenoxiphium clade) and one with Kobresia, Uncinia, Cymophyllus and several members of Carex subgenus Psyllophora (the core unispicate clade). Starr, Harris & Simpson (2003 , 2004 further explored the caricoid clade, noting a major difference between dioecious unispicate and androgynous species, and providing additional support for the monophyly of Uncinia. Dioecious unispicate Carex spp. showed affinities to multispicate species in either the Vignea clade or the core Carex clade, and the androgynous species formed part of the caricoid clade with androgynous species of Cymophyllus, Kobresia, Schoenoxiphium and Carex, in phylogenetic trees based on internal transcribed spacer (ITS) and external transcribed spacer (ETS) data (Starr et al., 2004) . Further detailed study of Schoenoxiphium and the caricoid clade supported the monophyly of the African genus Schoenoxiphium and demonstrated sister group relationships of two other small clades of Carex spp. to Schoenoxiphium (Gehrke et al., 2010) . The rest of the caricoid clade (core unispicate clade) was moderately supported in that analysis, but there was no support for a closer relationship to the Schoenoxiphium clade than to the Vignea or core Carex clades (Gehrke et al., 2010) .
The discovery that section Siderostictae Franch. ex Ohwi, traditionally classified in subgenus Carex, formed a clade sister to all other species in tribe Cariceae confirmed that Carex in the traditional sense is a paraphyletic group with all other genera of tribe Cariceae nested in it (Waterway, Hoshino & Masaki, 2009 ). This Siderostictae clade was recently expanded to include species from two sections previously classified in Carex subgenus Vigneastra (sections Hemiscaposae C.B.Clarke and Surculosae Raymond) based on the analysis of ITS and trnLtrnF sequences (Yano et al., 2014) . Although these new additions are broad-leaved species, like most species in section Siderostictae, they have inflorescences with more complex branching, thus expanding the range of variation found in this clade that is sister to the rest of tribe Cariceae. Taken together, these results from molecular systematic studies show clearly that Carex as traditionally defined is not monophyletic, nor are any of the traditional subgenera except Vignea (Fig. 1) . Furthermore, continued recognition of those genera that appear to be monophyletic in tribe Cariceae (Uncinia and Schoenoxiphium) would leave Carex paraphyletic and Kobresia polyphyletic. Figure 1 . Generalized phylogenetic tree of Cyperaceae tribe Cariceae based on molecular phylogenetic studies to date. Full lines show relationships that are supported by all or most studies. Dotted branches show relationships that are frequently seen but more inconsistent among studies. Branches with consistently high bootstrap support are indicated with a filled ellipse.The number of subclades shown within the caricoid clade is arbitrary; resolution and support in this clade are inconsistent among studies and so a large polytomy is shown with many individual small clades grouping two or three taxa. Larger triangles in this polytomy indicate clades that comprise more than three taxa and show fairly consistent support across studies. It should be noted that the newly reported Hypolytroides clade (Starr et al., 2015) is sister to the Siderostictae clade shown here and that the Siderostictae + Hypolytroides clade has the same sister relationship to the rest of tribe Cariceae as shown here for the Siderostictae clade.
Caricoid Clade

S c h o e n o x i p h i u m C . a n d i n a C l a d e C . d i s t a c h y a C l a d e U n c i n i a C y m o p h y l l u s p l u s C a r e x s e c t . P h y l l o s t a c h y a e s e v e r a l u n i s p i c a t e K o b r e s i a s p e c i e s C a r e x s u b g . P s y l l o p h o r a C a r e x s u b g . P s y l l o p h o r a C a r e x s u b g . P s y l l o p h o r a C a r e x s u b g . P s y l l o p h o r a K o b r e s i a K o b r e s i a K o b r e s i a K o b r e s i a Carex
It is apparent that Carex and tribe Cariceae are overdue for a new classification that better reflects evolutionary relationships. The reclassification of tribe Cariceae was discussed at length at an international gathering of Cyperaceae specialists in 2011 at a BioSynC meeting in Chicago and again with an even larger group of Cyperaceae specialists at the Monocots V meeting in New York in 2013. The consensus at both meetings was to broaden the circumscription of Carex to include all species in tribe Cariceae, thus forming a monophyletic genus Carex with > 2000 species. This approach was chosen as that most likely to provide nomenclatural stability. There was some question in 2011 whether increased sampling in China and SouthEast Asia would reveal new clades that should be segregated from Carex or help to define clear groupings in the caricoid clade. However, even with much more extensive sampling from China, South-East Asia and Africa since 2011 (Luceño et al., 2013; Waterway et al., 2013; Zhang et al., 2013; Yano et al., 2014; Starr, Jansen & Ford, 2015) , including more complete studies of Kobresia and Schoenoxiphium, the conclusion that a single monophyletic Carex would be the best classification was strengthened rather than weakened. This article is the first in a series of planned contributions from the Global Carex Group to completely reclassify this expanded Carex at the sectional level. Our goals in this paper are to provide a brief background on the morphology of tribe Cariceae and its classification history, to summarize the molecular and morphological evidence for treating tribe Cariceae as the single genus Carex and to make the required nomenclatural changes.
Although a broader circumscription of Carex is in the interest of long-term nomenclatural stability, 130 nomenclatural changes are needed at this time to change the circumscription. Species of Cymophyllus and Vesicarex already have valid names as Carex spp., as do several species of Kobresia, Schoenoxiphium and Uncinia. Many other needed changes are simply new combinations, because several specific epithets currently used in Kobresia (23), Schoenoxiphium (six) and Uncinia (27) have never been used in Carex. For cases in which the specific epithets are already occupied, 58 are here given replacement names in Carex and 16 others adopt the specific, varietal or forma epithet from a previously published synonym. The changes are detailed in the taxonomic section below, including synonymy and notes on geographical distribution and any nomenclatural issues.
MATERIAL AND METHODS
We reviewed the major literature on the classification in Cyperaceae tribe Cariceae, including papers proposing evolutionary theories related to classification.
We also reviewed recent work on inflorescence morphology and all molecular phylogenetic studies to date to provide a synthetic view of current evidence for phylogenetic relationships in the group. An initial list of names, with geographical distributions, for currently recognized species of Cymophyllus, Kobresia, Schoenoxiphium and Uncinia was constructed from the World Checklist of Cyperaceae (Govaerts et al., 2013) The inflorescence structure is complex and variable in tribe Cariceae and has long been seen as a rich source of taxonomic characters. An understanding of the terminology used to describe inflorescence structure is critical in evaluating theories of relationship that underpin the various classifications proposed for the group. Features of the inflorescence have been important in constructing classifications and identification keys, especially because vegetative features are quite similar across the group, with the exception of the unusual leaves of Cymophyllus, which lack a midrib (Reznicek, 1990) , and some broad-leaved, pseudopetiolate Carex spp. from South-East Asia (Raymond, 1959) . The interpretation of the flowers, spikelets and overall inflorescence architecture of Cyperaceae and tribe Cariceae goes back to the early 19th century (e.g. Kunth, 1835; Caruel, 1867) and has been a popular topic since then (e.g. Snell, 1936; Blaser, 1944; Levyns, 1945; Holttum, 1948; Kukkonen, 1967 Kukkonen, , 1984 Kukkonen, , 1990 Kern, 1974; Eiten, 1976; Smith & Faulkner, 1976; Goetghebeur, 1986; Reznicek, 1990; Bruhl, 1991; Timonen, 1998; Richards, Bruhl & Wilson, 2006; Prychid & Bruhl, 2013) . Detailed new typological interpretations of inflorescence structure in tribe Cariceae (Vegetti, 2002 (Vegetti, , 2003 Guarise & Vegetti, 2008; Molina, Acedo & Llamas, 2012; Reutemann et al., 2012) and ontogenetic studies of floral development in Cariceae using scanning electron microscopy published during the last decade (Vrijdaghs et al., 2009 (Vrijdaghs et al., , 2010 Gehrke et al., 2012) demonstrate the similarities in basic architecture of the inflorescence. The terminology used to describe inflorescences in Cariceae has been applied inconsistently (Reznicek, 1990; Kukkonen, 1994; Vegetti, 2002; Molina et al., 2012; Reutemann et al., 2012) and efforts to apply typological principles to inflorescence description strictly, whilst demonstrating the similarity in inflorescence architecture across Cariceae, have also resulted in a proliferation of terminology unfamiliar to non-specialists. Reconciling this terminology is an ongoing issue for cyperologists and requires additional study and discussion. Here, we provide only enough background to make our arguments for a broader circumscription of Carex clear.
In tribe Cariceae, the flowers are normally unisexual and lack a perianth. Their structure is simple: each staminate flower comprises three stamens (rarely fewer) and each pistillate flower comprises one uniovulate ovary arising from an annular primordium, with a single style and two or three stigmas (Vrijdaghs et al., 2009; Reynders et al., 2012) . Complications arise in the ways in which these simple unisexual flowers are arranged into inflorescences.
The spikelet has traditionally been considered as the basic unit of the inflorescence in Cyperaceae (Snell, 1936; Holttum, 1948; Kukkonen, 1967) . In most species of Cyperaceae subfamily Cyperoideae, perfect or unisexual flowers are arranged spirally or distichously on a spikelet axis, the rachilla, each flower being subtended by a scale-like floral bract, usually called a glume or a scale ( Fig. 2A, B) . Spikelets in many tribes of Cyperoideae, including those in Cariceae, are considered polytelic (indeterminate). A prophyll, which usually encircles the base of the rachilla, is the first adaxial bract produced on each spikelet. This small prophyll, often called a cladoprophyll to emphasize its position on an axis, is in addition to the larger, often foliose bract that arises from the main inflorescence axis and subtends a spikelet or group of spikelets.
Spikelets in Cariceae differ from those of more typical species of Cyperoideae in two important ways. First, the prophyll arising from the rachilla is modified into an enclosing sac-like or flask-shaped structure variously called a perigynium, utricle or utriculiform prophyll (Fig. 2C-G) . A similar enclosing prophyll is found around the proximal flower on spikelets in Dulichium Pers. (tribe Dulicheae), but the flowers distal to this one on a Dulichium spikelet are each subtended only by a glume. In Cariceae, each female flower is enclosed by a perigynium that is most often closed except for an apical orifice from which the style and stigmas emerge. However, the perigynium is only partially sealed in some Kobresia spp. (Fig. 2E ) and the orifice may be quite wide on some perigynia in Schoenoxiphium (Fig. 2G) . Kükenthal used the term utricle instead of perigynium, and many authors of floristic treatments have followed his example (e.g. Kern & Noteboom, 1979; Chater, 1980; Egorova, 1999; Luceño et al., 2008; Dai et al., 2010) . However, in a broader botanical context, the term utricle may be misleading, because it refers to a type of fruit and thus to ovary tissue (Davis & Cullen, 1989; Harris & Harris, 1994; Spjut, 1994) , not to a type of bract. Perigynium has also been used to refer to nonhomologous structures, such as the stem tissue surrounding the 'perianth' in some foliose liverworts (e.g. Hentschel et al., 2006) , and in Cyperaceae, to the cupule, interpreted as the perianth, surrounding the ovary in some Scleria spp. (Barros, 1960) , but it has been most widely and consistently used, especially in North America, for the prophyllar bract surrounding the ovary in species of Cariceae (e.g. Tuckerman, 1843; Bailey, 1886; Holm, 1903; Ivanova, 1939; Bruhl, 1995; Vrijdaghs et al., 2010; Hoshino et al., 2011) . Here, we use the term perigynium, but recognize that both terms are widely used in floristic treatments and should be considered as synonyms when applied to Cariceae.
Second, the rachilla is reduced compared with that of other Cyperaceae, often bearing only a single female flower that is at least partially enclosed by the perigynium. The rachilla is vestigial in Cymophyllus and absent or reduced to a tiny structure in most species of Carex s.s. (Reznicek, 1990; Vrijdaghs et al., 2010;  Fig. 2C ), but elongated to varying extents in Kobresia, Schoenoxiphium, Uncinia and a few species of Carex s.s. (Fig. 2D-G) . In Schoenoxiphium, staminate flowers, subtended by glumes, may be produced distally on the rachilla, and these protrude from the perigynium with the stigmas (Fig. 2F, G) . Distal staminate flowers or vestigial remnants of them or their glumes can also be found in many Kobresia spp. (Fig. 2E ) and even rarely in Carex s.s. (Jin, Ding & Zheng, 2005) . The rachilla in Uncinia extends beyond the perigynium as a hook-shaped tip that aids in dispersal (Fig. 2D ), but only rarely bears staminate flowers (Hamlin, 1959) . Thus, most spikelets in Cariceae are much reduced compared with those in other Cyperaceae, appearing from the outside as perigynia with styles, stigmas and sometimes a rachilla bearing staminate flowers protruding from the apical opening.
Much of the confusion surrounding the use of the terms spikelet and spike in Cariceae arises because these reduced spikelets of Cariceae, subtended by glumes, are themselves spirally arranged on lateral branches into spike-like inflorescences that resemble the spikelets of other genera of Cyperaceae (compare Fig. 2B with 2H, I, K, L). Reznicek (1990) chose to abandon the term spikelet altogether, because it is sometimes used as described above and other times used incorrectly (notably by Kükenthal, 1909) to refer 6 GLOBAL CAREX GROUP to a lateral inflorescence unit that is a spike of spikelets which may also bear male flowers directly on the same axis. Rather than abandoning the term, we refer to perigynia and their enclosed flower-bearing axes as reduced spikelets in tribe Cariceae, thus maintaining a link to the equivalent structure in other groups of Cyperaceae (Timonen, 1998) .
Most authors subsequent to Kükenthal (1909) referred to the set of flowers borne at the tip of the main culm as the terminal spike or spikelet, and to the aggregations of flowers on first-order lateral branches as lateral spikes. In Carex, Cymophyllus and Uncinia, these so-called spikes are really spikes of reduced spikelets or of mixed male flowers and reduced spikelets, except for the terminal one, which often bears only male flowers (Fig. 2H, I ). Spikes may be unisexual, androgynous (perigynia proximal and staminate flowers distal on the spike axis), gynecandrous (staminate flowers proximal and perigynia distal), mesogynous (staminate flowers both proximal and distal to perigynia), mesandrous (perigynia both proximal and distal to staminate flowers) or with alternating staminate flowers and perigynia on the spike axis (Eiten, 1976) . Early choices in identification keys for Carex s.s. often distinguish between unispicate and multispicate inflorescences.
Although terms such as spike, unispicate and multispicate are widely used and relatively easy to understand for the large majority of Carex s.s., Cymophyllus and Uncinia spp., they are not technically correct and can be misleading when trying to interpret homology in inflorescence structure. What is generally called a spike in Cariceae is actually a spike of spikelets or stachyodium (Reutemann et al., 2012) . This may be further ramified in Schoenoxiphium if additional perigynia are produced on the primary rachilla axis emerging from a perigynium (Levyns, 1945; Gehrke et al., 2010) (Fig. 2G) . Molina et al. (2012) used the term pseudospike rather than spike to indicate that these aggregations of flowers are not true spikes because they often include flowers that are at different branching orders in the inflorescence. That is, the axis Figure 2 . Diagrammatic representations, not to scale, of flower and inflorescence structure in Cyperaceae tribe Cariceae with comparison to tribe Scirpeae in A and B. Axes are exaggerated in length and spacing of flowers so that the structure can be clearly seen. Diagrams above the horizontal line show flower and spikelet structure, whereas those below the line show the arrangement of the spikelets and staminate flowers into inflorescences. It should be noted that, for simplicity, all ovaries are drawn with three stigmas, although two stigmas are also frequently seen, especially in Carex subgenera Vignea and Psyllophora. All axes are shown in progressively darker shades of grey indicating higher order branching, with the highest order branches (rachillae) shown in black. All prophylls (including cladoprophylls and perigynia) are also drawn in black. Scale-like glumes that subtend staminate flowers or perigynia are shown in medium grey, whereas inflorescence bracts at the base of primary and secondary inflorescence axes are shown in light grey. The perianth (only in A, B) is also shown in light grey. The gynoecium is shown in a slightly darker shade of grey than the androecium. A, Flower structure of a typical species in tribe Scirpeae. B, Spikelet structure in tribe Scirpeae. C, One-flowered pistillate spikelet typical of Carex s.s. and Cymophyllus, but also sometimes found in Schoenoxiphium and Kobresia. Here and elsewhere, the black ellipse represents a flask-like perigynium that is closed except for an apical orifice through which styles, stigmas and sometimes rachillae emerge. D, One-flowered pistillate spikelet of Uncinia, showing hooked rachilla protruding from the perigynium. E, Bisexual spikelet with perigynium not fully sealed and containing a fertile pistillate flower and a small staminate flower on the persistent rachilla, typically found in some Kobresia inflorescences. F, Bisexual spikelet with one fertile pistillate flower and multiple staminate flowers borne on an elongated rachilla protruding from the perigynium, found in Schoenoxiphium and some Kobresia. The number of staminate flowers varies from one to several. G, Spike of spikelets resulting from additional branching of the primary rachilla after producing the first perigynium at the base, resulting in two additional spikelets, one pistillate and one bisexual, proximal to the distal staminate flowers of the primary rachilla (redrawn based on fig. 3 in Gehrke et al., 2012) . This proliferation of branching of the rachilla after producing a fertile perigynium can be found in Schoenoxiphium and blurs the distinction between rachis and rachilla. Note that what we label as the primary rachilla here is called the rachis of the spike of spikelets in Gehrke et al. (2012) . We show it in black and refer to it as a primary rachilla to emphasize the structural similarity between rachis and rachilla in this case. H-L, Examples of various types of inflorescence or parts thereof, using both traditional and typological terminology to label them. H, Unispicate inflorescence of Uncinia, comprising only the main florescence, which is an androgynous terminal spike. This type of unispicate inflorescence is also found in Cymophyllus and Carex subgenus Psyllophora, but with short or vestigial rachillae rather than the hooked rachillae of Uncinia. I, Typical synflorescence found in Carex subgenus Carex, showing the main florescence (terminal spike) and two paracladia to illustrate terms describing these structures. J, Typical example of proximal paracladium (lowest first-order branch and subtending bract) in Schoenoxiphium ecklonii (redrawn based on Levyns, 1945) . K, Main florescence of the unispicate Kobresia myosuroides (redrawn based on Kern, 1958) . L, Proximal paracladium of the multispicate Kobresia simpliciuscula (redrawn based on Kern, 1958) .
of the so-called spike may bear male flowers directly, but each female flower is borne in a perigynium on a rachilla that is actually a higher order branch ( Fig. 2H-L) . We acknowledge this problem here, but continue to use the term spike because it is widely used in nearly all floristic treatments, and to avoid awkward terminology, such as uni-pseudospicate and multipseudospicate, in reference to whole inflorescences. Flowering culms without lateral branching can be called spiciform, those with first-order lateral branching are often referred to as racemose or, more properly, as racemiform, whereas those with higher order branching are often called paniculate or, more properly, paniculiform (Molina et al., 2012) .
Recent detailed studies of inflorescences in Cyperaceae, including those in Cariceae, follow typological methods and terminology that were originally developed for dicots by Troll (1964) and Weberling (1989) to describe sedge inflorescences in ways that make it easier to assess homology. Many of these terms are familiar only to specialists, and so only essential ones will be used here. Following recent interpretations (Guarise & Vegetti, 2008; Molina et al., 2012; Reutemann et al., 2012) , each flowering culm in a sedge plant is a synflorescence that ends in a terminal aggregation of usually staminate flowers that represents the main florescence (Fig. 2H, I , K). Below this main florescence (a terminal spike in the older terminology), a flowering culm may have an enrichment zone (= paracladial zone) where it produces one or more lateral branches, each of which may also end in a terminal set of (usually staminate) flowers, termed a co-florescence (Fig. 2I , terminus of distal paracladium; Fig. 2J , K, terminus of proximal paracladium). Each lateral branch, including the subtending bract on the main axis and prophyll on the new axis, is called a paracladium (Guarise & Vegetti, 2008; Molina et al., 2012) . Unless they remain dormant, nodes in inflorescences of Cariceae have three options: to produce lateral branches (axes) of the next higher order; to produce rachillae (also axes) that each bear at least one pistillate flower and its surrounding perigynium; or to produce staminate flowers directly on that branch. This recurring pattern may be ramified into second-, third-or even higher order branching in some species. The three node types have been called inflorescence nodes, female flower nodes and male flower nodes, respectively (Smith & Faulkner, 1976) . The first two of these node types are intrinsically similar in that the node is producing an axis (lateral branch or rachilla) that will produce at least one flower, either on that axis or after branching again. Molina et al. (2012) applied this typological system to 110 Carex spp. from all four traditional subgenera. They treated the lateral branch or paracladium as the basic unit of the inflorescence, similar to Timonen's (1998) emphasis on the axis as the basic unit, viewing the inflorescence as a hierarchy of axes with recurring developmental patterns (Timonen, 1998) . Summarizing the results of Molina et al. (2012) provides a convenient opportunity to demonstrate how the terminology is applied, although we use spike where they used pseudospike. It is important to note that, although Molina et al. (2012) indicated that each reduced spikelet, consisting of perigynium, rachilla or its vestiges, and unisexual flower(s), and subtended by a glume, can be thought of as the extreme reduction of a paracladium, they did not consider the reduced spikelets as paracladia in their analyses. Instead, they interpreted the single androgynous spikes in subgenus Psyllophora as the main florescence on a flowering culm that lacks paracladia and has no bract subtending the spiciform inflorescence (Fig. 2H, K) . The main florescence in species of subgenus Carex was interpreted as the terminal spike, which is entirely staminate in many species, but gynecandrous, androgynous or entirely pistillate in others. One to several first-order paracladia, comprising subtending bract, tubular cladoprophyll and a pistillate or androgynous spike, are found below the main florescence, resulting in a racemiform inflorescence (Fig. 2I) , except in dioecious species, which are unispicate and lack paracladia. Spikes are usually on relatively long peduncles, may be entirely pistillate, androgynous, entirely staminate or, much less commonly, gynecandrous, and have a tendency for staminate flowers to be found only in distal paracladia. The few species examined from subgenus Vigneastra were interpreted to have a paniculiform or racemiform inflorescence with the main florescence androgynous and with androgynous spikes on the paracladia, which exhibit up to third-order branching from the main axis. Of note in subgenus Vigneastra is that each spike has a perigynium-like prophyll at its base, in contrast with the tubular cladoprophyll found at the base of the first-order paracladium. The axis of the first-order paracladium is also usually pedunculate, and more than one axis is sometimes produced at each node of the main axis, particularly from the lower nodes. In subgenus Vignea, Molina et al. (2012) interpreted the main florescence as the terminal spike, which can be androgynous, gynecandrous or entirely staminate or pistillate, as can the spikes in the paracladia. The inflorescence can be spiciform to paniculiform with first-, second-or even third-order paracladia branching below the main florescence. Spikes in subgenus Vignea are generally compact and sessile, subtended by relatively small, non-sheathing bracts and few species have cladoprophylls.
The inflorescence structure in Cariceae is thus based on a recurring architectural pattern in which each new lateral axis is subtended by a bract and enclosed in a prophyll at its base (Levyns, 1945; Timonen, 1998) . The other recurring pattern is the production of pistillate flowers proximally and staminate flowers distally on each flowering axis (Fig. 2H-L) , presumably under genetic or environmental control, mediated through growth regulators (Gehrke et al., 2010; Vrijdaghs et al., 2010) . Ontogenetic studies in Carex s.s. suggest that each node of a flowering axis is flexible and can develop into either a male flower or a new flowering axis bearing a single female flower enclosed in a perigynium (Vrijdaghs et al., 2010) . Ontogenetic study revealed no evidence that staminate flowers in Cariceae are highly reduced spikelets, as assumed by Timonen (1998) . Bracts subtending the lateral and higher order spikes tend to decrease in size from the base to apex of the culm and vary from foliaceous to small scale-like structures. Processes such as truncation or axis abortion, homogenization, initiation or suppression of paracladia, elongation or reduction of internodes, increases or decreases in degree of branching, reduction or suppression of bracts or prophylls and others operate in different ways and combinations to give the variety of inflorescence forms seen in the tribe (Guarise & Vegetti, 2008; Reutemann et al., 2012) . These recurrent patterns are least obvious in subgenus Vignea, in which the position effects on the production of female vs. male flowers appear to be minimal and additional processes must be invoked to derive the various patterns (for examples, see Timonen, 1998) .
Inflorescence architecture in Cariceae thus differs in fundamental ways from that of other Cyperaceae: female flowers are only produced when branching occurs in the inflorescence, and the first prophyll on the new branch encloses the female flower. Another fundamental difference between Cariceae and other Cyperaceae is the nature of the transition from a non-flowering to a flowering branch. In most Cyperaceae, the transition occurs at the final branching event, i.e. the one giving rise to the rachilla, which produces flowers. All nodes above this one produce either flowers subtended by scale-like bracts, variously called glumes or scales, or sterile bracts. This means that the ultimate level of inflorescence branch in most Cyperaceae is the spikelet axis (rachilla). Cariceae is quite different, because the transition to flowering in the lateral branches depends on whether the flower is male or female. Female flowers are produced only when branching occurs. This occurs on the spikelet rachilla, i.e. on the rachilla that is homologous to that in other Cyperaceae, but it can also occur on both higher and lower order branches. In Schoenoxiphium, the rachilla can branch after producing the first perigynium and produce one or more additional perigynia, each enclosing a pistillate flower or both a pistillate flower and male flowers on the new rachilla, before it produces the male flowers distally on the initial rachilla (Levyns, 1945; Gehrke et al., 2012; Fig. 2G) . Thus, the first flower-producing rachilla is not always the ultimate branch in an inflorescence in Cariceae as it is in most Cyperaceae. Instead, the rachilla will branch each time it produces another pistillate flower. Ramification of the rachilla can be superposed on the primary inflorescence branching pattern to produce a complex inflorescence that is difficult to describe using traditional terms (Fig. 2G) . Also, in Schoenoxiphium, a perigynium can be produced on a lower order axis than the spikelet, e.g. at the base of a first-or second-order paracladium. Whether or not this perigynium contains a pistillate flower appears to be determined by its position in the inflorescence, the likelihood being greater in proximal than in distal positions (Levyns, 1945) . The lateral axis surrounded by this perigynium may give rise to a second-order paracladium which then produces bisexual spikelets or unisexual reduced spikelets similar to those in Carex s.s., or it may give rise directly to bisexual spikelets or reduced unisexual spikelets (Levyns, 1945) (Fig. 2J) . Male flowers are generally produced when the inflorescence axis (of whatever order) stops branching. Thus, male flowers can be found on the distal tips of the main florescence, the paracladia, the spikes and the bisexual spikelets (of Kobresia and Schoenoxiphium only) (Fig. 2E-L) , unless the axis is truncated. Both male and female flowers are thus produced at different levels of the inflorescence branching hierarchy, the females directly connected to branching events and the males most often produced at the tips of axes that no longer branch. We return to these fundamental differences in inflorescence structure in our argument for merging all species of Cariceae into Carex.
OVERVIEW OF PREVIOUS CLASSIFICATIONS
Classifications of Carex and its closely allied genera in Cariceae are numerous and conflicting, most being based on particular ideas of natural or evolutionary relationships. Robertson (1979) discussed this classification history from pre-Linnean times until the mid20th century, and Kern (1958) and Zhang (2001) reviewed the early classification history of Schoenoxiphium and Kobresia, respectively. Reznicek (1990) and Egorova (1999) provided good summaries of postLinnean classifications until the end of the 20th century, and Starr et al. (2004) summarized classification issues related to the segregate genera. Inflorescence morphology has played a key role in most classifications from Linnaeus' first division of Carex s.s. into five groups, defined by the number of spikes and the arrangement of staminate and pistillate flowers in the inflorescence. Early attempts to segregate smaller genera from Carex (RafinesqueSchmaltz, 1840; Heuffel, 1844) were poorly justified and not widely accepted. However, much effort was expended during the 19th and early 20th centuries to organize species in this large genus into natural groups as subgenera, sections and series (e.g. Tuckerman, 1843; Drejer, 1844; Bailey, 1886; Holm, 1903; Kükenthal, 1909 ; reviewed by Robertson, 1979) . We provide here an overview of previous 20th century classifications and associated theories of relationships, using the evolutionary terminology of the authors to give the flavour of the pre-cladistic thinking on which most of these classifications were based.
Subgeneric classification of Carex s.s. Although Kükenthal's (1909) division of Carex s.s. into four subgenera based on inflorescence structure is that most often followed, with some modifications, in subsequent floristic manuals, fewer subgenera have been recognized by others (Ohwi, 1936; Koyama, 1962) . Many rejected Psyllophora as a distinct subgenus, dispersing these species among subgenera Carex and Vignea, or even into Uncinia, Kobresia or Schoenoxiphium (see below for details). The recognition of subgenus Vignea has been almost universal, the most notable change being the merger of a few dioecious, unispicate species from subgenus Psyllophora into it (e.g. section Physoglochin Dumort.). Carex subgenera Carex and Vigneastra have been treated as a single subgenus by some (Ohwi, 1936; Koyama, 1962; Kern & Noteboom, 1979) . There have also been suggestions that subgenus Vigneastra is ancestral to one or more of the other Carex subgenera (Nelmes, 1951 (Nelmes, , 1952 (Nelmes, , 1955 Hamlin, 1959; Nannfeldt, 1977) , and possibly derived from Schoenoxiphium (Haines & Lye, 1972) or from a 'primitive Kobresia-Schoenoxiphium stock' (Smith & Faulkner, 1976 ) based on the similarity of inflorescence structure in these groups.
New subgenera in Carex s.s. have been proposed by various 20th century botanists. The monotypic subgenus Altericarex H.St.John & C.S.Parker was described to accommodate Carex concinnoides, a North American species with four stigmas and tetragonous nutlets (St. John & Parker, 1925 (Egorova, 1985) . None of these subgenera has, however, been widely adopted. Kükenthal's (1909) classification was based on the idea that Schoenoxiphium and Kobresia are the base of a reduction series in which the spikelet rachilla is gradually reduced from an elongated structure bearing distal male flowers (Schoenoxiphium, some Kobresia) to a sterile rachilla (some Kobresia and Schoenoxiphium, Uncinia and a few unispicate Carex) and then to a vestigial rachilla (Carex) in an enclosing prophyll (perigynium), the margins of which change from open in many Kobresia to sealed, except for a small terminal opening with only the style, stigmas and rachilla (if present) protruding from that orifice (e.g. Uncinia, Carex, Cymophyllus) . Perigynia of Schoenoxiphium vary from having a rather broad opening to being almost completely sealed as in most of the other genera.
Relationships of allied genera to
Many species in the allied genera are unispicate and androgynous, leading to an early theory that unispicate Carex spp. are primitive and multispicate Carex spp. are derived from them (Drejer, 1844) . In line with this idea, Kükenthal (1909) named subgenus Primocarex Kük., circumscribing it to include all unispicate Carex, including C. fraseriana Ker Gawl., which was subsequently segregated as the monotypic genus Cymophyllus by Mackenzie (1913) based on its unique leaf morphology. Strong opposition to the idea that unispicate Carex spp. were primitive came from those who thought that at least some unispicate inflorescences were derived from multispicate ones by reduction. They proposed systems that placed unispicate Carex spp. variously in subgenus Carex or subgenus Vignea rather than recognizing a distinct subgenus Psyllophora (Kreczetovicz, 1936; Ohwi, 1936; Nelmes, 1952; Koyama, 1962; Smith & Faulkner, 1976) . Nelmes (1952) discussed the polyphyly of subgenus Psyllophora, speculating that nearly half of the species were 'true Carices' that could be accommodated in other subgenera of Carex s.s., whereas at least half of those remaining were probably derived from Carex s.s. and the remainder from Uncinia, Kobresia or Schoenoxiphium. Another view of subgenus Psyllophora was based on associations with smut fungi (Anthracoidea) and strongly influenced by the presence (or not) of the rachilla and by Heilborn's chromosome data (Heilborn, 1924; Savile & Calder, 1953) . Savile & Calder (1953) considered subgenus Psyllophora to include rachillabearing unispicate species only, referring to this group as 'true Primocarex', and moved the remaining unispicate species lacking a rachilla either to subgenus Vignea or to their new subgenus Kuekenthalia. They considered this more narrowly circumscribed subgenus Psyllophora to be derived from Kobresia and ancestral to subgenera Carex, Vignea and Kukenthalia. Kukkonen supported the basic ideas of Savile & Calder (1953) , but proposed a new phylogenetic hypothesis in which subgenus Vignea was derived from Kobresia through subgenus Psyllophora, and subgenus Carex was independently derived from Kobresia through Carex section Acrocystis Dumort. in subgenus Carex (Kukkonen, 1963) . Hamlin (1959) proposed a putative caricoid ancestor with a large branching inflorescence having cladoprophylls and bearing spikelets that each had a basal female flower and a persistent rachilla bearing male flowers, the whole spikelet partially enclosed by a prophyll (perigynium). He postulated that this ancestor gave rise to two evolutionary lines, one retaining the rachilla, but reducing the inflorescence branching, and the other losing the rachilla, but retaining the compound inflorescence. The line retaining the rachilla then split to give rise to Schoenoxiphium, Kobresia, Uncinia and some species in Carex subgenus Psyllophora. The line retaining the highly branched inflorescence, but losing the rachilla, gave rise to Carex subgenus Vigneastra from which subgenera Vignea and Carex were derived along separate lines. He hypothesized that Carex subgenus Psyllophora was polyphyletic, comprising species with unispicate inflorescences that arose in parallel by reduction from each of the six lineages in his evolutionary scenario. Hamlin's solution to the classification problem that this scheme created was the division of Carex subgenus Psyllophora into several genera to accommodate those with different ancestry, rather than uniting the tribe into a single genus (Hamlin, 1959) .
As noted by Kern (1958) , discriminating among the genera in Cariceae was not difficult in the early 19th century when only a few species of each genus were described, but, as more species were discovered, the lines between them became blurred. The broader ciliate rachillae of Schoenoxiphium have been considered as a distinctive character contrasting with the less conspicuous, usually terete, rachillae of Kobresia (Clarke, 1883; Kükenthal, 1909) , but intermediates (Kükenthal, 1940) and exceptions were discovered as many more Kobresia spp. were described from Asia. Nelmes (1952) pointed out that the same reduction series in inflorescence morphology that Kükenthal postulated for the evolutionary pathway from Schoenoxiphium to Kobresia to Uncinia to Carex s.s. could also be observed within Schoenoxiphium and within Kobresia, an observation further amplified by others (Koyama, 1961; Haines & Lye, 1972 , 1983 Smith & Faulkner, 1976) . Both genera vary in the extent of closure of their perigynia and in the extent of lateral branching in the inflorescence, resulting in overlap of traits between them. Ivanova (1939) transferred Kobresia spp. with paniculiform inflorescences to Schoenoxiphium and most of the currently recognized species of Schoenoxiphium into Archaeocarex Börner, but this genus has never been accepted. Many previous authors have argued that Kobresia and Schoenoxiphium could not be reliably distinguished on the basis of morphology (Nelmes, 1952; Kern, 1958; Smith & Faulkner, 1976) . Koyama (1961) merged the two genera and made the necessary nomenclatural transfers from Schoenoxiphium to Kobresia. However, most 20th century authors maintained the traditional segregation of the two genera, in part because of their different geographical ranges and ecological preferences (Ivanova, 1939; Kukkonen, 1978 Kukkonen, , 1983 Haines & Lye, 1983; Rajbhandari & Ohba, 1991; Noltie, 1993; Zhang, 2001) . Segregate genera Elyna Schrad. and Hemicarex Benth., defined on the basis of their spiciform inflorescences and bisexual and unisexual spikelets, respectively, and Blysmocarex N.A.Ivanova, characterized by distigmatic female flowers, are no longer recognized, but retained as subgenera of Kobresia in most classifications of that genus (Zhang, 2001) . The similarity of Uncinia to Carex s.s. has also been noted (reviewed by Starr et al., 2008) , but only Koyama (1961) proposed the merging of Uncinia into Carex s.s., although without making the necessary nomenclatural transfers. Koyama (1961) recognized only two genera, Kobresia and Carex s.s., in Cariceae, the latter with only two subgenera, Carex and Vignea. Although several authors have commented on the difficulty of clearly defining genera in Cariceae, only Mora Osejo (1966) proposed the inclusion of Carex s.s., Kobresia, Schoenoxophium and Uncinia in one genus, recognizing each of them at the subgeneric level in genus Carex s.l., but without making valid nomenclatural transfers.
Lack of support from molecular phylogenetics for previous classifications
Previously proposed evolutionary scenarios for Cariceae and classifications based on them are not supported by molecular studies (Yen & Olmstead, 2000; Roalson et al., 2001; Starr et al., 2004 Starr et al., , 2008 Waterway & Starr, 2007; Starr & Ford, 2009; Waterway et al., 2009; Gehrke et al., 2010; Jung & Choi, 2013) (Fig. 1) . Schoenoxiphium and Kobresia are nested in a clade of species of Carex s.s., rather than being sister to Carex s.s. as proposed earlier (Kükenthal, 1909) . The Schoenoxiphium lineage is distinct from that of Kobresia and includes two small clades of mostly unispicate Carex s.s. (Gehrke et al., 2010) . Kobresia has been poorly sampled in all published papers to date, but it appears to be polyphyletic in the caricoid clade, a conclusion supported by more extensive sampling in recent work by Zhang et al. (2013) . These Kobresia lineages are more closely related to various unispicate Carex s.s. than to Schoenoxiphium. Uncinia is firmly nested in the caricoid clade and is clearly not the progenitor of other groups as suggested by Nelmes (1952) . The monotypic genus Cymophyllus, endemic to the south-eastern USA, is also nested in the caricoid clade and, despite its unusual leaves, does not warrant the generic status accorded it in recent North American floras (Mackenzie, 1931 (Mackenzie, -1935 Reznicek, 2002) . Similarly, the monotypic genus Vesicarex has been shown to be related to species of Carex section Abditispicae (core Carex clade) and treated as Carex collumanthus (Steyerm.) L.E.Mora (Mora Osejo, 1982; Wheeler, 1989 ), a conclusion supported by molecular data (Starr et al., 2004; Waterway & Starr, 2007) . Carex section Siderostictae is not closely related to other broad-leaved species of Carex subgenus Carex, but forms a distinct lineage (Waterway et al., 2009) . Recent work on Carex subgenus Vigneastra indicates that it is polyphyletic; species from sections Hemiscaposae and Surculosae belong to the same lineage as the early-diverging Siderostictae clade (Yano et al., 2014) and two recently sampled species of section Hypolytroides Nelmes (subgenus Vigneastra) are sister to this expanded Siderostictae clade (Starr et al., 2015) . The early-diverging position of the broad-leaved species in the Siderostictae clade had earlier been suggested by Raymond (1959) for sections Hemiscaposae and Surculosae and by Egorova (1999) , who considered section Siderostictae, with sections Decorae and Curvulae, as the least evolutionarily advanced groups in subgenus Carex. The most recent studies that include subgenus Vigneastra show that representatives from other sections of subgenus Vigneastra form one (Gehrke & Linder, 2009) or more (Waterway et al., 2009; Starr et al., 2015) earlydiverging lineages in the core Carex clade. None of these groups of subgenus Vigneastra appears to be closely related to Schoenoxiphium, as Haines & Lye (1972 , 1983 had suggested.
ARGUMENT FOR ONE GENUS
Published molecular phylogenetic hypotheses for Cariceae are quite consistent, despite differences in DNA regions used, taxon density and analytical methods (see Fig. 1 for a summary diagram of relationships). All recent analyses agree that the expanded Siderostictae clade or the Siderostictae + Hypolytroides clade, recently termed the 'minor Carex alliance' by Starr et al. (2015) , is monophyletic and sister to the rest of the tribe, which is also strongly supported as monophyletic (Waterway et al., 2009; Jung & Choi, 2013; Yano et al., 2014) , that the Vignea clade is monophyletic (Ford et al., 2006 (Ford et al., , 2012 Waterway & Starr, 2007; Starr & Ford, 2009; Waterway et al., 2009; Jung & Choi, 2013) , and that the large core Carex clade is monophyletic only with the inclusion of at least part of subgenus Vigneastra with nearly all species of subgenus Carex (Waterway & Starr, 2007; Gehrke & Linder, 2009; Starr & Ford, 2009; Waterway et al., 2009; Starr et al., 2015) . Some analyses show a monophyletic caricoid clade, but support for this clade is weak (Starr et al., 2004 (Starr et al., , 2008 Gehrke & Linder, 2009) to moderate (Waterway & Starr, 2007; Starr & Ford, 2009; Waterway et al., 2009) . Except for the position of the Siderostictae clade as sister to the rest of Cariceae, the molecular data have not yet resolved the relationship among the major clades (for a summary, see Starr & Ford, 2009) . No analysis has contradicted the monophyly of the tribe as a whole.
Given the strong and consistent molecular evidence for monophyly of Cariceae and the frequent nesting of the allied genera in one of the major clades of Carex s.s., it is clear that a new classification is needed to reflect the evolutionary relationships in this group more accurately. With the goal of monophyletic genera, only three reasonable possibilities exist in the Linnean system: (1) recognizing each of the four or five major clades in the molecular phylogenetic trees as a distinct genus; (2) recognizing the three strongly supported clades as distinct genera and naming each of the dozen or more lineages in the caricoid clade as a distinct genus; or (3) broadly circumscribing Carex s.l. to include all species in tribe Cariceae. We discuss these options in turn below.
Option 1: Major clades as separate genera As described above, support for three of the clades (Siderostictae, core Carex and Vignea) is strong in all recent studies, but there is considerable morphological variation in the first two of these clades, making it difficult to find consistent morphological traits by which to diagnose them. Species in the Siderostictae clade, as expanded by Yano et al. (2014) to include Carex sections Hemiscaposae and Surculosae, have similar growth forms and share several other features. Vegetative and reproductive culms arise separately on short rhizomes and most species have broad leaves near the base of vegetative culms and bladeless sheaths at the base of lateral reproductive culms. Each female flower is enclosed by a perigynium from which the trifid style emerges, and both male flowers and perigynia are subtended by scale-like glumes. All species in this clade have low chromosome numbers (n = 6 or 12), and some species exhibit euploidy, in contrast with the aneuploid series that characterizes Carex (Escudero et al., 2012; Chung, Yang & Lee, 2013; Yano et al., 2014) . However, inflorescence structure varies considerably in the expanded Siderostictae clade. Section Siderostictae is characterized by terminal staminate or androgynous spikes and lateral androgynous spikes; that is, the main florescence terminates in a spike of male flowers, in some cases with proximal perigynia, and co-florescences arising from the culm nodes are usually androgynous with proximal perigynia and distal male flowers . Each paracladium comprises a subtending sheathing bract varying from spathe-like to foliaceous, a cladoprophyll and an androgynous spike. Nodes are sometimes binate, bearing two pedunculate spikes rather than the usual single spike. Lateral spikes have a few spirally arranged perigynia near the base and a spiral of male flowers produced distally, sometimes with an elongated internode between the two types of flower. The terminal spike is simply the tip of the main culm axis that bears spirally arranged male flowers, often with a single perigynium at the base. In contrast, species of sections Hemiscaposae and Surculosae have paniculiform inflorescences with higher order branching. Each node of the reproductive culm in section Hemiscaposae bears one or two compound inflorescences having second-or third-order branching, subtended by spathe-like bracts with short blades. Lateral axes form bisexual androgynous spikes, each subtended by a cladoprophyll that resembles a perigynium, but does not bear a female flower. Species in section Surculosae also have androgynous lateral branches arranged in compound inflorescences, single or binate from nodes, subtended by smaller, more scale-like bracts. Raymond (1959) reported that some of the cladoprophylls in C. surculosa Raymond (= C. tsiangii F.T.Wang & Tang) bear fertile female flowers, reminiscent of Schoenoxiphium. Despite this high level of variation, the Siderostictae clade is strongly supported as monophyletic with molecular data and has a restricted geographical distribution, being found only in eastern and south-eastern Asia in temperate to subtropical forests. This variation in inflorescence structure, together with variation in leaf morphology from narrow cauline leaves (e.g. C. tumidula Ohwi, C. grandiligulata Kük.) to basal clusters of broad leaves (one to several centimetres wide), makes it difficult to consistently define the Siderostictae clade. In addition, the features of the Siderostictae clade are not limited to that clade. Binate inflorescences are also found in the core Carex clade and in Schoenoxiphium, and compound inflorescences composed of androgynous lateral axes can also be found in all three other major clades. Broad leaves are also found in shade-tolerant species of the core Carex clade. In short, characters that might be considered synapomorphies for the Siderostictae clade all exhibit extensive homoplasy in the larger Cariceae clade.
A similar problem exists for the core Carex clade because of the variability introduced by the inclusion of species from subgenus Vigneastra in phylogenetic trees based on molecular data (Gehrke & Linder, 2009; Waterway et al., 2009 ). Core Carex is by far the largest clade of Cariceae (c. 1400 species) and includes most species currently classified in Carex subgenus Carex and probably at least half of those in Carex subgenus Vigneastra, although relatively few have yet been included in DNA-based phylogenetic studies. Inflorescence structure in subgenus Carex is similar in the majority of species. Most have terminal staminate spikes (the main florescence) and mostly pedunculate pistillate lateral spikes, each of which is subtended by a more or less leafy bract and enclosed at the base of the lateral axis with a tubular cladoprophyll (the first-order paracladia; Fig. 2I ). Variations on this theme occur in a few lineages that are characterized by having additional distal staminate spikes or androgynous lateral spikes, especially towards the apex of the inflorescence. In a few cases, the terminal spikes are gynecandrous rather than staminate [e.g. some species in sections Racemosae G.Don, Porocystis Dumort., Hymenochlaenae (Drejer) L.H.Bailey], and a few species are unispicate and dioecious [e.g. sections Pictae Kük. and Scirpinae (Tuck.) Kük.]. Members of subgenus Vigneastra are characterized by pedunculate, bisexual spikes that are often much branched and have cladoprophylls that are relatively large and resemble perigynia in shape. Sequenced species of Carex subgenus Vigneastra appear to be part of at least two lineages in the core Carex clade (Starr et al., 1999 (Starr et al., , 2004 (Starr et al., , 2008 (Starr et al., , 2015 Waterway & Starr, 2007; Gehrke & Linder, 2009; Waterway et al., 2009) . As a result, the core Carex clade has an even larger range of variation in inflorescence structure than the Siderostictae clade, varying from dioecious unispicate species to species with unisexual or androgynous lateral spikes, sometimes binate at proximal nodes, with one or more distal staminate spikes, to species with higher order branching culminating in androgynous lateral axes and distal staminate spikes on the main axis. Most species in this clade have three stigmas as in the Siderostictae clade, but there are three sections with distigmatic flowers [Phacocystis s.l., Bicolores (Tuck. ex L.H.Bailey) Rouy, Abditispicae] and occasional reductions to two stigmas in other sections (e.g. C. saxatilis L. in section Vesicariae). Cladoprophylls vary from tubular to perigynium-like, a few even bearing a pistillate flower (Nelmes, 1951) , as in some Schoenoxiphium spp. In short, although most species follow a fairly simple inflorescence plan with firstorder lateral branching only, the variability in inflorescence structure and the fact that similar variants are found in other clades suggest homoplasy in any characters used to define the core Carex clade.
The Vignea clade is easier to define, most species having bisexual terminal spikes, sessile, bisexual lateral spikes that generally lack cladoprophylls and female flowers with only two stigmas. Most sections have androgynous spikes, but a few of the larger lineages (e.g. sections Ovales Kunth, Glareosae D.Don, Stellulatae Kunth) have gynecandrous spikes (Ford et al., 2006; Hipp et al., 2006) , and some species have mesogynous or mesandrous spikes or alternate staminate and pistillate flowers in the spikes. Exceptions to this pattern are relatively few. For example, a few species are unispicate, some are dioecious (e.g. section Physoglochin) and a few lineages with condensed inflorescences have higher order branching (Ford et al., 2006 (Ford et al., , 2012 Hipp et al., 2006 Hipp et al., , 2013 Waterway & Starr, 2007; Jung & Choi, 2013) . Three stigmas are found in only a few early-diverging species in the group, including C. gibba Wahlenb., which is sister to the rest of the Vignea clade in molecular analyses (Ford et al., 2006; Waterway et al., 2009; Jung & Choi, 2013) . Although support reported for the monophyly of subgenus Vignea is strong, the topology of the tree in the Vignea clade is quite variable, depending on the genes used, taxon sampling and analytical methods.
Given the inclusion of all four segregate genera of Cariceae, the caricoid clade is almost impossible to define with consistent morphological synapomorphies, a situation that has been discussed at length by Starr and co-workers (Starr et al., 2004; Starr & Ford, 2009) . Inflorescence architecture and vegetative structure vary widely in the group, perigynia can be open or closed, and stigma number varies from two to three. Furthermore, the level of support for the caricoid clade is never strong and depends on taxon density, DNA regions and analytical methods used (Starr & Ford, 2009; Gehrke et al., 2010) . We are thus hesitant to consider this clade as the basis for recognizing a fourth genus in parallel with the other three clades. Conferring generic status on this clade would mean including in it species from all four of Küken-thal's subgenera of Carex and species from all four other genera of Cariceae; this would require at least as many name changes as uniting the whole tribe into the genus Carex s.l. With so much variation in form, it would not be a practical solution to the problem of paraphyly in Carex s.s., especially because we are not sure that additional gene and taxon sampling will continue to support the recognition of the caricoid clade. Another related possibility might be to recognize each of the two clades that make up the caricoid clade, especially because they do not together form a monophyletic group in some analyses (Gehrke et al., 2010; Jung & Choi, 2013 ). This would not solve all problems, however, because the core unispicate clade also has fairly weak support and is highly variable, whereas the Schoenoxiphium clade includes several species of Carex s.s. that do not strongly resemble Schoenoxiphium (see below for more detail). We thus reject the first option of recognizing each of the major clades as a distinct genus because that would create more problems than it solves.
Option 2: Many genera
The second option is to recognize each strongly supported clade (Siderostictae, core Carex and Vignea) as a genus, and to divide the caricoid clade into smaller monophyletic groups that could be recognized as genera. There is some appeal in this alternative approach, because a few groups in the caricoid clade appear to be both monophyletic and distinctive. Uncinia and Schoenoxiphium have been sampled quite extensively, although with relatively few genes, and are monophyletic in the best sampled molecular studies (Starr et al., 2003 (Starr et al., , 2004 (Starr et al., , 2008 Gehrke et al., 2010; Luceño et al., 2013 ). An elongate rachilla with a hooked tip is shared by all Uncinia spp., although the hook in the controversial U. kingii Boott [= C. kingii (Boott) Reznicek] has a different derivation (Starr et al., 2004) . However, U. kingii is sister to a clade including all other sampled Uncinia spp., meaning that the entire group is also monophyletic, although its relationships to other species in the caricoid clade are not clear (Starr et al., 2008) . Uncinia spp. also share a perigynium that is closed, except at the orifice where the style and rachilla emerge, and all have three stigmas. Except for the hooked tip of the rachilla, these features are not unique to Uncinia, but together they make the genus easy to recognize and describe. Uncinia also has a coherent and limited Gondwanan distribution, most species occurring in New Zealand, Australia and southern South America, ranging north to Hawaii and the Philippines in the Eastern Hemisphere and to the Caribbean region in the Western Hemisphere. The main problem with recognizing it as a distinct genus is that it is nested in the caricoid clade with several species of unispicate Carex s.s. and Kobresia.
Schoenoxiphium also forms a well-supported monophyletic group in the most recent analysis, in which 85% of the named species were sampled (Gehrke et al., 2010) , but Schoenoxiphium is more difficult to distinguish from other genera of Cariceae, especially Kobresia. The genus was originally defined by the flattened ciliate rachilla that often bears male flowers distally and emerges from the orifice of a closed perigynium. These features are in contrast with the shorter, terete rachillae of many Kobresia spp. in which the male flowers are fewer in number or suppressed completely and the perigynium is often open on one side nearly to the base (Fig. 2E) . Inflorescence nodes in Schoenoxiphium tend to be more evenly spread along the flowering culm than in Kobresia, and inflorescence bracts tend to be leaf-like and often sheathing in some Schoenoxiphium spp., but much reduced in Kobresia (Reznicek, 1990) . Most Schoenoxiphium spp. also have more highly branched inflorescences than those of most Kobresia spp. Morphological variability in Schoenoxiphium appears to be almost as great within some species as across the genus (Levyns, 1945; Haines & Lye, 1983) . Some individuals of S. lehmannii (Nees) Steud. are almost Carex-like, having perigynia closed except at the orifice and arranged in lateral androgynous spikes, as well as a terminal staminate spike, each spike except the terminal subtended by a foliaceous bract (Haines & Lye, 1983) . Even the rachilla in these individuals is sterile and short. Other individuals of the same species have a fully developed rachilla that emerges from the perigynium and bears a set of male flowers distally (Haines & Lye, 1983) . Branching can be complex in Schoenoxiphium involving third-or higher order branching from the main axes and spikes of spikelets bearing perigynia from within female or bisexual spikelets on the ultimate flowering axes (Gehrke et al., 2012) . Pistillate flowers borne in the axil of a branch on which spikelets are borne have an enclosing, but more open, cladoprophyll that resembles the unsealed perigynia of Kobresia (Fig. 2G) .
The molecular evidence suggests that two small clades of species of Carex s.s. with reduced inflorescence, named the C. andina and C. distachya clades, and together including representatives from three of Kükenthal's subgenera, are more closely related to Schoenoxiphium than are any Kobresia spp. (Gehrke et al., 2010; Fig. 1) . Schoenoxiphium plus the C. andina and C. distachya clades form a monophyletic group, but differ strongly in morphology and distribution. Schoenoxiphium is endemic to eastern and southern Africa, the C. andina clade is endemic to southern South America and Australasia, and species from Europe, the Mediterranean Region, Macaronesia and central Africa form the C. distachya clade. Most species in the C. andina clade and some in the C. distachya clade have at least some unispicate individuals, whereas most Schoenoxiphium spp. have at least some individuals with higher order branching in the inflorescence. If the option of breaking up the caricoid clade into smaller genera, each with more consistent morphological features, were to be followed, three genera could be recognized from the Schoenoxiphium clade, one for Schoenoxiphium itself and one for each of the sister clades.
The rest of the caricoid clade would be more difficult to segregate into monophyletic genera (Fig. 1) . A major problem is the genus Kobresia, which is polyphyletic in all molecular analyses so far (Yen & Olmstead, 2000; Starr et al., 2004; Gehrke & Linder, 2009; Gehrke et al., 2010; Jung & Choi, 2013) . Some lineages include both Kobresia spp. and unispicate Carex spp. However, only a small proportion of Kobresia spp. have been included in molecular studies until now. In a much more comprehensive study of Kobresia, Zhang et al. (2013) found five distinct lineages variously nested in the caricoid clade, but without good correspondence to the previous subgeneric categories of Kobresia. If we continue the logic of naming monophyletic groups in the caricoid clade as distinct genera, we would have to recognize at least these five lineages that include Kobresia spp. and at least seven lineages of unispicate Carex. Many of these small groups already have names at the generic level as these highly reduced unispicate species were seen as unusual by many 19th century botanists. One problem with doing this is that, despite considerable study of this clade, few genes have been used, and the tree topology in the caricoid clade is not consistent across studies using different genes (Starr et al., 2004; Waterway & Starr, 2007; Gehrke & Linder, 2009; Gehrke et al., 2010) . Taking the approach of recognizing numerous genera in the caricoid clade would not serve the goal of long-term nomenclatural stability and, given the superficial similarity of many unispicate species in this group, would cause considerable confusion.
Option 3: One genus
At this point, it should be clear that there are problems with recognizing each of the major clades as distinct genera and even more difficulties with recognizing three of the major clades and at least a dozen lineages in the caricoid clade as distinct genera. Neither of these first two options is optimal to meet the goals of nomenclatural stability, generic monophyly and ease of use. Instead, we propose here to take the third choice listed above, and merge all genera currently treated as tribe Cariceae (Cymophyllus, Kobresia, Schoenoxiphium, Uncinia) into the genus Carex. Analysis of molecular data has consistently shown this group of genera to be strongly supported as monophyletic in comprehensive studies of Cyperaceae (Muasya et al., 1998 Simpson et al., 2007; Jung & Choi, 2010) , and in more detailed analyses of the tribe in relation to outgroups suggested by family-level analyses (Starr et al., 2004; Waterway & Starr, 2007; Gehrke & Linder, 2009; Starr & Ford, 2009; Waterway et al., 2009; Gehrke et al., 2010; Jung & Choi, 2013; Léveillé-Bourret et al., 2014) . In contrast with the difficulty in finding consistent morphological synapomorphies for the major clades, as detailed above, it is much easier to list clear synapomorphies for Carex s.l. in the broadened circumscription proposed here. The combination of unisexual flowers and perigynia surrounding the female flowers is unique in Cyperaceae. As described earlier, what appear to be pistillate flowers in Cariceae are actually reduced spikelets in which the proximal female flower is surrounded by the enclosing prophyll (perigynium) and the spikelet axis is either vestigial or elongated, with or without distal staminate flowers. Processes at play in this change from a multi-flowered spikelet with a spiral of bisexual flowers having a bristle perianth, as in the closely related tribe Scirpeae, involve suppression of perianth, modification of sex expression resulting in unisexual flowers and expansion and at least partial fusion of the prophyll into a perigynium. It is easy to envisage selection against maintenance of the rachilla and its distal male flowers within an enclosure like the perigynium, especially because it is possible for any axis in the synflorescence to produce the needed staminate flowers directly from the same type of primordia that produce the reduced female spikelets (Vrijdaghs et al., 2010) .
Classifications have been based largely on features of inflorescences and perigynia, in part because they are more obvious than floral differences within the perigynia, and in part because vegetative features in Carex s.l. have more variation within segregate genera than among them. Other than the unusually thick leaves of C. fraseriana, which lack a midrib, and the broad, pseudo-petiolate leaves of some South-East Asian species, no distinctive vegetative features set any group apart from the others. As we have described above, inflorescence structure also varies substantially in clades and even within species. Furthermore, mutant individuals in the core Carex clade sometimes exhibit inflorescence and floral forms of the allied genera. Occasional teratological specimens with rachillae bearing male flowers in species that normally have only a tiny vestigial rachilla have been found naturally and can be induced experimentally by application of growth regulators or by damaging the root tips (Smith & Faulkner, 1976) . Section Hangzhouenses C.Z.Zheng, X.F.Jin & B.Y.Ding was described in Carex subgenus Vigneastra to accommodate an unusual specimen of Carex from eastern China that had perigynia with protruding, elongated rachillae bearing staminate flowers (Jin et al., 2005) . Comparison of DNA sequences with species growing on the same cliff, however, revealed that these specimens were more likely to be aberrant specimens of Carex simulans C.B.Clarke of section Rhomboidales Kük., subgenus (Penzig, 1894; Holm, 1896; Clarke, 1909; Svenson, 1972) . Perigynia enclosing stamens rather than a pistil in C. acuta L. and pistils subtended by glumes rather than enclosed in perigynia have also been noted (Holm, 1896; Smith & Faulkner, 1976; Timonen, 1998) . Suppression of lateral branching resulting in unispicate individuals of normally multispicate Carex spp. (e.g. C. flacca Schreb.) has also been found sporadically in natural Carex populations and can be easily induced by the application of 2,3,5-triodobenzoic acid (TIBA) (Smith & Faulkner, 1976) . Reports of these aberrant individuals or populations frequently mention trampling or other disturbance, suggesting that damage to meristems or environmental factors may be involved (Svenson, 1972; Smith & Faulkner, 1976) .
Bisexual flowers are another aberration that have been reported infrequently in Kobresia and Schoenoxiphium (Timonen, 1998) , most recently as sporadic occurrences in populations of S. lehmannii and S. burkei C.B.Clarke (Gehrke et al., 2012) . Detailed observations on several individuals revealed a full transition series from proximal female spikelets to bisexual spikelets having distal male flowers on the rachilla to bisexual flowers directly on the lateral axis and to distal male flowers at the apex of the lateral axis. These bisexual flowers were produced directly on the lateral axis in the transition zone between multiflowered bisexual spikelets and distal male flowers. The bisexual flowers were similar to male flowers in being subtended by a scale-like glume, but they lacked a perigynium. In addition to the normal whorl of three stamens found in male flowers, these bisexual flowers had a biconvex distigmatic ovary at the centre, in contrast with the tristigmatic ovary found in female flowers (Gehrke et al., 2012) . These observations provide further support to the idea that the position on the axis is important in the control of sex expression and that primordia on the spikelet can be regulated, either internally or externally, to produce either spikelets or single flowers (Vrijdaghs et al., 2009 (Vrijdaghs et al., , 2010 . The extreme variability in inflorescence structure not only among Schoenoxiphium spp., but also within species and even within different parts of the same inflorescence, was already noted by Levyns (1945) , whose invaluable observations on fresh material of four species provide a clear picture of structural variability. She emphasized the strong influence of position in the inflorescence and vigour of the plant in determining branching patterns, sex expression and whether or not a perigynium contains a flower. Such variability in floral and inflorescence structure in response to environment, either internal or external, calls into question their value as taxonomic characters. An understanding of the intrinsic and extrinsic controls on inflorescence structure would be useful in evaluating similarities in inflorescence form across clades in Carex s.l.
With new insights from molecular biology regarding the control of floral and inflorescence structure in angiosperms, and especially in other commelinids such as Poaceae, it is becoming clear that even small changes in the regulation of gene expression can have significant effects on floral and inflorescence morphology (Doust & Kellogg, 2002; Bommert et al., 2005; Thompson & Hake, 2009) . For example, a single amino acid substitution in the transcription factor OsMADS1 can cause paleas, lemmas and lodicules to become leafy and can decrease stamen number in rice plants with this mutation (Jeon et al., 2000; Bommert et al., 2005) . The behaviour of meristems in the inflorescence is regulated by a variety of transcription factors (e.g. MADS-box genes) that control whether meristems produce branches or flowers, the nature of the associated bracts, the extent of internode elongation and the identity of different parts of the flowers and spikelets in grasses (Kellogg, 2000; Bommert et al., 2005; Thompson & Hake, 2009 ). A dynamic model of grass inflorescence development describes a series of developmental switches that determine whether meristems will branch or will terminate in flowers. These switches also regulate the number of meristems produced, the extent of internode or bract growth and the phyllotaxy (Kellogg, 2000; Bommert et al., 2005) . Given the conservation of regulatory function among dicots, there is good reason to expect that similar models might apply to both sedges and grasses, because they are both commelinid monocots with spikelets arranged in complex and variable inflorescences. It is clear from the earlier discussion that control of branching and the fate of meristems are critical not only to the architecture of the inflorescence of Carex s.l., but also to patterns of sex expression, pistillate flowers being produced only at branching events and staminate flowers most often positioned on axes where branching has stopped.
Genetic and regulatory controls of inflorescence structure are important, but environmental and hormonal signals also play a role (McSteen, 2009) . Auxin, cytokinin and strigolactone are all involved in the fate of meristems within the inflorescence. Basipetal movement of auxin from the apical meristem inhibits bud meristems from growing (apical dominance) and acropetal movement of cytokinin and strigolactone promotes and inhibits bud growth, respectively. Shading is also known to inhibit branching, and soil nutrients can promote it. Genetic, regulatory, hormonal and environmental controls thus determine the final structure of an inflorescence (McSteen, 2009) . It is important to remember that the induction of flowering is a dynamic process, mediated by growth regulators, which are influenced by intrinsic and extrinsic factors, including the carbohydrate status of the plant, temperature and day length. Position in relation to root and shoot meristems that produce growth regulators can be a strong influence on whether male or female flowers are produced in monoecious plants such as Carex s.l. We do not yet have a complete understanding of the way in which these various regulatory pathways interact, but it appears likely that simple changes in the regulation of floral and inflorescence structure can explain the variability we see in Carex s.l. Understanding how these regulatory systems work should help us evaluate which aspects of floral and inflorescence structure are stable within clades and which are not, making it easier to select appropriate characters to define subgroupings in Carex s.l.
Although the similarity of form in genera of Cariceae has long been recognized (e.g. Clarke, 1883; Nelmes, 1951; Kern, 1958) , they have been maintained as distinct genera for so long in part because of their allopatry. Schoenoxiphium is restricted to eastern and southern Africa, with a single species reaching the south-western parts of the Arabian Peninsula, whereas Uncinia grows around Antarctica, ranging from Australia, New Zealand, Chile and Argentina north to the Philippines, Hawaii and the Caribbean. Kobresia has its centre of distribution and greatest species richness in the Himalayas, with a few wide-ranging circumboreal species. Given the flexibility of inflorescence structure and the possibilities for differential suppression of parts that might become genetically fixed, it is reasonable to expect that the same basic constraints on the inflorescence might give parallel results in lineages that colonized different regions of the world. Although not identical by descent, the rachillae bearing male flowers apically in Schoenoxiphium and Kobresia have positional homology and could reasonably represent parallel evolution of similar structures (Vrijdaghs et al., 2010) . Similarly, selection pressures in the harsh, windy and often nutrient-poor conditions in which many unispicate species of Carex s.l. (including Kobresia) are found may have favoured reduced branching and smaller stature, again resulting in parallel development of the same traits in different lineages.
CONCLUSIONS
Much has been accomplished towards an understanding of Carex s.l. since the publication of Kükenthal's (1909) monograph, from species discovery to detailed analysis of floral and inflorescence morphology to DNA-based phylogenetic trees. Species of Carex s.l. continue to be discovered at a surprising rate even in well-explored areas, such as Europe, North America, Japan, Australia and New Zealand, and at even higher rates in China, South-East Asia, Africa and South America. Detailed studies of floral and inflorescence morphology have been conducted for most major groups of Carex s.l., although more work is needed on the Vigneastra group and Kobresia. At least one gene has been sequenced for more than half of the species in the tribe, and nuclear and plastid DNA regions, coding and non-coding, have been sequenced for more than half of these in ongoing phylogenetic studies. Despite this progress, there has been understandable hesitancy for anyone to reclassify a large and widespread group such as Cariceae unilaterally, despite frequent comments on the difficulty of distinguishing the genera in it. As a global group of Cyperaceae and Cariceae specialists, we think it is time to overcome the inertia of the traditional classification and make the required nomenclatural changes to recognize all species in the tribe as the genus Carex s.l. Much remains to be accomplished on a global scale to continue exploration and species discovery, to understand the ways in which genetic and environmental factors influence inflorescence variability within and between species, and to take advantage of the constantly expanding set of molecular tools and analytical methods to formulate phylogenetic hypotheses for the monophyletic genus Carex s.l.
The new broader circumscription of Carex proposed here is just the first step in the reclassification of the genus. The Global Carex Group is working towards a complete global sampling of species of Carex s.l., sequencing multiple DNA regions per species, to aid in placing species into natural sectional groups in the genus. Molecular phylogenetic work already completed on Carex section Ovales (Hipp et al., 2006) , section Spirostachyae (Drejer) L.H.Bailey (Escudero et al., 2007; Escudero & Luceño, 2009 , section Phyllostachyae Tuck. ex Kük. (Starr et al., 1999) and section Ceratocystis Dumort. (Jiménez-Mejías, Martín-Bravo & Luceño, 2012; Derieg et al., 2013) illustrates the potential for clarifying the relationships at the sectional level with DNA analyses. Projects currently in progress by our group include: an expanded phylogenetic analysis and new monograph of Schoenoxiphium as a section of Carex, a new molecular phylogenetic analysis of Carex subgenus Vignea, and additional work on the rest of the caricoid clade to elucidate natural groups in Kobresia and unispicate species. We are also working on reclassifications of sections Glareosae, Phleoideae (Meinsh.) T.V. Egorova 
